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De$cri|]itiQii 

The inveiition relates to novel mangancseClV) complexes and their application as oxidation 
catalysts in the partial oxidation of organic compounds using peioxy compounds as 
5 oxidants. 

Certain maiiganese(iv) conaplex salts, in particular those comprising the dinuclear complex 
dicadon [LMn(n-0)3MnL]^'*' wherein L is the tridentate amine ligand 1 A7-'trimethyl-l,4,7- 
triazaeyclononane and whose structure is 



10 

are known to be efBcient oxidation catalysts (GJB. Shul^pin et al. Tetrahedron 1999» 55, 
5345-5358; G. B- Shul'pinet al., J. Mol Catal A: Chem. 2001, i70, 17-34). They are 
usually employed as h«afluorophosphates which are soluble in polar organic solvents 
sudi as acetonitrile. 

15 The solubility of these complexes is somewhat disadvantageous in that it impedes the 
y^fo&rMp of the teaction nDoxtures after utilizing the complexes as oxidation catalysts and 
thfe reusability of the catalysts. 

The ohlem to be solved by the instant invention was therefore to provide insoluble or 
spariagl y soluble manganese(iv) complex salts having compaxable or even improved 
a cKaiytk activity. 

AccQRfing to Ifae inveniioxi, this problem has been solved by the manganese(iv) hetero- 
polymolybdatBs and -tungstates of ihs formula 




^ttsesL B l>4,7-tiiniefiq^l,4-7-ttiazacydODai»Qe, X is P or Si^M is Mo or V, 
«s2«r 3^ and m ^ 1 or 2, wiih Ihe provisos that 
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(i) if X is Si, then « « 2 and m = 1 and 

(ii) ifXisP, thenn«3 andi« = 2. 



It has been found that these complex salts are virtually insoluble in all conunon solvents, 
5 and nevertheless their catalytic activity is comparable or even superior to that of the 

coirespondimg soluble hexafluorophosphate. Due to their insolublity, they can easily and 
completely be removed (e. g., by filtration, the residual Mn and M content of the filtrate 
being <10 ppm) from the reaction mixture after completion of the oxidation and maybe 
reused several times without sigoificant loss of activity. It is also possible to dilute the 
10 complex salts of the invention mth suitable solid in^ matedals (e. g., silica) and use the 
thus obtained mixtures as catalysts in fixed-bed reactors (e. g., packed columns) for 
continuous or semi-continuous liquld'phase reactions. 

The manganese(iv) complex salts of Ae invention may be easily prepared by reacting a 
15 solution of the above mentioned hexafluorophosphate of formula 

[IA4n(^-.0)3MDL)](PF6)2, 

\^erein L is L is l,4,7-ttimethyM,4-7-triazacyclononane, with ahetetopolyacid of 
20 formula 

v^ereinX and Mare as defined above, o = 4 farX« Si and o 3 for X P, and sub- 
25 sequentiy isolating the precipitated noanganeseCrv) heteropolyacid complex salt 

The preparation is preferably canied out usixig acetomtrile as solvent for die hexafluoro- 
phosphate and water or a lower alcohol^ in particular methanol or ethanol, or an aqueous 
low^ alcohol as solvent for the het^opolyadd. 

30 The manganese(rv) complex salts of the invention can be used as catalysts in (he partial 
oxidation of organic compounds withi paoxy gt wip f m pfie 



EiBPfansszeit 15. Jan. 15:I5 



15/01 2002 15:17 FAX +41 81 tf^Z 29 LONZA AG PATENTABTEILUN^^EPA 



@ 009/020 



3 

Preferred peroxy compounds are hydrogen peroxide, peroxycarboxylic acids and mixtures 
thereof It should be noted that hydrogen peroxide reacts with carboxylic acids to give 
peroxycarboxylic acids in an. equilibrium reaction. 

It is also possible to use other peroxy compounds, for example, ferr-butyl hydroperoxide. 

5 

A preferred use of the manganese(iv) co^mplex salts of the invention is their use as 
catalysts in a process for the ptoduction of aldehydes and/or carboxylic acids of formula 

R*-CHO (II) and/or R*-COOH (III), 

i<> 

wherein is linear or btanched Ci-io-alkyl, aryl or aryl-Ci^-alkyl, 
which process comprises reacting an alcohol of formula 

R^-<:H20H (IV), 

15 

\d10rein R^ is as defined above, with a peroxy compound. 

Depcsiding on the reaction conditions and the residue R^ the product is either an aldehyde 
or a carboxylic acid or a mixture thereof. 

20 Linear or branched CMo-all^l groiqps are here and hereinbelow, for exanqile, metihyl, 
ethyl, propyl, isopropyl, butyl, isobutyl, ^ec-butyl, rerr-buty], pentyl, 2-methylbutyI, 
3-metiiylbutyl, 2,2-dimetfaylpropyi, hexyl, heptyl, octyl, nonyl and decyl, including all 
iso^iers of these groups. 

Aryl groTjgi3S are preferably phenyl or naphthyi, optionally substituted with one or more 
2S halogen atoxiis, Ci,.io-alkyl or Ci^io-alkoxy groups. 

Aryl-Ci^-alkyl groups are Ci^-alkyl groups substituted with the aryl gro\q)s defined 
above. In particular, aryl-Ci^-alkyl groups are groups such as ben2yl, I-phenyleOiyl, 
2-phenyleth^l or 3-phenylpropyL 

. 30 Another preferred use of the manganese(iv) complex salts of the invraition is their use as 
catalysts in a process for the production of ketones of formula 

R^-C(K)>-R^ (V), 
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wheiein and are independently linear or branched Ci_io-alkyl, aryl or aryl-Ci-4-alkyU 
or R^ and R^ together witia the carbonyl group form a carbocyclic ring, 
which process comprises reacting an alcohol of formula 

R^-CHOH-R^ (VI), 



wherein R^ and R^ are as defined above, with a peroxy compound. 

Ketones of formula (V) wherein R^ and R^ together with the csitbonyl group form a catbo- 
cyclic ring are, for example^ cyclic Ca^-ketones such as cyclopropanone, cyclobutanone, 
10 cyclopentanone, cyclohexanone, cyciohepUmone or cyclooctanone. 

Still another preferred use of the ifiLanganese(iv) con^lex salts of tbie invention is their use 
as catalysts in a process for the production of 1^4-<7clohexanedione9 vdiich process com- 
prises reacting 1,4-cyclohexanediol widi a peroxy compound. 

15 

Still another preferred use of the manganese(iv) comply salts of the invention is their use 
as catalj^ts in a process for the production of oxiranes of fonmda 




wherein R^ R^ , R^ and R^ are independently hydrogen, linear or branched Ci-io-alkyl, aryl 
or aryl-Ci-4-alkyl; or R^ and R^ together witihi the adjacent carbon atoms form a carbocyclic 
ring and R^ and R^ are as defined above, which process comprises reacting an olejBn of 
formula 

25 




(vno. 



EfQPfansszeit 15Jan. 15:15 



15/01 2002 15:18 FAX +41 61 83 29 LONZA AG PAIENTABTEILUN^EPA 



@ 011/020 



therein R**, R^, R^ and R^ are as defined above for fonnula (VII), vAih a peroxy 
compound. 

Olefixis of fonnula (VIII) whareiii R"* and R^ together with tibie adjacent carbon atonas form 
a cartKKjyclic ring are, for example, cycloperitene, cyclohexene or cycloheptene or the 
S TSErkms teipene-derived cyclic olefins such as a-pinene. 



Another preferred use of the manganese(iv) complex salts of the invention is their use as 
catalysts in a process for the oxidation of aliphatic, alicyclic or araliphatic hydrocarbons to 
the corresponding hydroxy or keto compounds, which process comprises reacting said 

10 hydiocaiboDs with a pero3^ compound. Alicyclic hydrocarbons suitable for this process 
are^ for mample. cydopentane or cyclohexane which may be oxidized to the correspond- 
ing cycloalkanols or cycloalkanones or mixtures tiiereof. Araliphatic hydrocarbons suitable 
for this process are^ for example, diphenyhnethane or tetrahydronapfalhalene which may be 
oxidized to bedzhydrol andbenzophenone or 1^,4-tetrahydro-l-naphthoI and a-tetralone^ 

11 respectively. 

In a prefetred embodiment of tiie above processes \ising the manganese(iv) complex salts 
of tfie invraaiion. a C^t^-alkanoic acid is used as an additive* acetic add bemg espedally 
pi eferx ed. 

The fisllowing non-limiting examples illustrate the preparation of tire manganese(iv) 
complex salts of the invention and their use as oxidation catalysts. 



t?B ■Hill 1 

mart ilr of pLMii0i-O)3MnLICPF6)2 

ISZ g (10 mmol) of MnCl2-4H20, 1^3 ml (1.71 g. 10 minol) of 1 .4.7-tri- 
,uijftsyt^i,4^7^2iazacydanniM^ and 2.76 g (IS mmol) of potassium bexafinoropho^diaie 
j& ^ of etexnf^WHter (2:1) was hftated for 20 min at SO ^ and su bs eq ue ntly cooled to 
^r'f^ '"r^ . mjji Aimt^ r^jtr^Umy ml »;tMi^ wcxc 10 ml (10 mmoI) of 1 M aqoeoos 
JinespeRaDde and 15 ml (IS mmol) of 1 M aqoeoi&NaOH dropwise. During tiie 
ii^^cm^ session tnnsDdfoanlmrmi to red. The ntixture was tiien wanned iq> to room 
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tem{)ei'ature, 2 M aqueous H2SO4 was dropwise 'added till apH « g was reached and then 
sthred 1 h at room temperature. The resulting solution was then filtered over Celite® and 
tte filter cake washed 3 times witii 20 ml of acetonitrile. The solution was then dried in 
vacuo (without heating). The residue was dissolved in 50 ml of acetonitrile and filtered 
5 over Celite®^ The volume of the clear solution was then reduced to 20 ttil. Slow addition of 
120 ml of diethyl ether caused the precipitation of [LMn(n-0)3MnL](PFo)2 as a red-orange 
microctystalUne solid. Prolonged drying in vacuo gave 3.2 g of the title compound (8 1% of 
theory). 

10 Elemental analyses: DtA'la0A-O)3MnL](PF6)2 = CigHiiFnMnsiNeOaPi, 790.37 g/moL 
Calcd.:C, 27.35; H, 5.36; N, 10.6. Found: C, 25,9; H, 5.1; N, 10.1. 

Example 2 

IS Synthesis cff [LMnOA-0)9lVIiiL]2[SiWtt04o] 

A solution of 1.37 g (1.73 mmol) of pLMn(^-0)3MnL](PF6)2 in 20 ml of acetonitrile was 
added dropwise at room temperature to a solution of 2.80 g (0.97 mmol) of 
H4SiWi2O40'xH2O in 20 ml of ethanol/water (2:1). TMs restated in the fomiadon of a dark- 
20 orange solid. After tfaa^ 60 ml of methanol were added and the suspension was stirred for 
1 h. After filtration the light orange solid obtained was washed twice witii 20 ml of WBter, 
20 ml of methanol and 20 ml of diethyl eflier. The resulting solid was dried 1 .5 h in vacuo 
(125 mbar, 35 ^C) to give 3.07 g of the title compound as a light orange solid (81% of 
theory). 

25 

Elemental analysis: [P^ln(^-0)3MnL]2[S^Wl204o] = C36Hs4Mn4Ni2046SiW|2, 

3875.02 g/moL Water content « 5 J%. Calcd: C, 11.16; H, 2.18; N, 434. Calcd with 5.7% 

wat^. C, 10.55; H, 2.63; N, 4.10. Found: C, 8.7; H, 1 .8; N, 3.4. 
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Examples 

Synthesis of pLMnOi.O)3MnL)3P^Wu04oh 

Tte preparation was analogous to the one deserved in the preceding example, using 0.79 g 
S (i.00xnmol)of [U^0i-O)3MnL](PF6)2in20mlofacetomtrUeand2^^^ 

H3PWUO40XH2O in 20 ml of methanol. After work up 2 g of the Ught orange product 
CLMn(ti-O)3]VfoL]3[PWi2O40]2 were obtained (83% of theory). 

Qemental analysis: ILMn(M.-0)3MnL]3CFWi204o]2 = C«Hia«Mn,iNi8089P2W24, 
10 7255-38 g/mol 

Water conteut= 1.9%. Calcd.: C, 11.16; H, 2.18; N. 4 J4. Calcd. with 1.9% water. C. 8.94; 
H, 1.89; N, 3.47. Found: C. 8.8; H, 1 .7; N, 3-4. 

IS Esample 4 

Synthesis of OLMnOi-0)3MnIil3|PMoi204o]i 

The preparation was analogous to the one described in example 2, using 0.24 g 
(0 JO mmol) of [LMn(fJi-0)3MnL](PF6)2 in 20 ml of acetonitrile and 0.55 g (0.30 mmol) of 
29 H3PM012O40-XH2O in 20 ml ofmcthanol. After work up 0.54 gofthe brown product 

lP«n(^-0)3Mxi]3lPMoi204o]z obtained (8 

-1 ml analysis: [LMn(n-0)3lAiL]3CPMoi2D4o]2 = C54Hi26Mn^i80g»P2Mo24, 

5145.78 gftnol 

25 W*cr ctsnient - 3.5%. Calcd.: C, 12.60; H, i47; N. 4.90. Calcd. wifii 3.5% water. C. 
IXn; H. 2.74; N, 4.73. Found: C, 13.4; H, 2.4; N, 5.0. 
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Examples 5-15 
Oxidation Reactions 

General procedure: 

5 In a 2S ml round bottom flask were introduced 9.24 mmol of substrate, 5 ml of acetomtrile^ 
0.014 mmol of acetic acid, 100 of chlorobenzene (internal standard) and 10 wL-% of 
catalyst Under vigorous stining at 25 a solution of 1 30.8 mmol of hydrogen peroxide 
in 5 ml of acetonitrile was added within 15 to 30 minutes. Stirring was continued for 2 h at 
the same temperature* 

10 

Examples 5-10 
Oxidation of alcohols 

IS ExaDUpIe 5 

Substrate: benzyl alcohol, 0.997 g 

Catalyst: [LMn(j4-0)3MnL]3[PW,204o]2, 0.100 g 
Conv^ion: >98% 
Yield: >98% benzoic acid. 

20 

Example 6 

Substrate: 1-hexanol, 0.943 g 
Catalyst [mn(^-0)3MiiL]3iPWi204o]2, 0.100 g 
Conversion: 65% 
25 Yield: 25% hexanal, 40% hexanoic acid 

Example 7 

Substrate: 2-hexanoU 0.943 g 
Catalyst: llA4h(^-0)3MnL]3[PWi204o]2, 0.100 g 
30 Conversion: 100% 

Yield: 80% 24iexanone 
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Example 8 

Substrate: 2*octanol, 1.20 g 
Catalyst: [LMii(^-0)3MijL]3[PWi204a]2> 0.100 g 
Conversion: 55% 
5 Yield: 45% 2-octaiione 

Example 9 

Substrate: cyclohexanol, 0.924 g 
Catelyst: |J.Mn(^-0)3MxiL]3[PWi204o32, 0-100 g 
10 Conversion: 80% 

Yield: 80% cyclohwianone 

Example 10 

Substrate: l,4-cyclohexanecUol9 1.072 g 
15 Catalyst: [LMa(ji-0)3MnLHSiWi204o]. 0.100 g 
Conversion: 100% 
Yield: >98% l,4-cycloliexanedi0ne 

The same catalyst was lepeatedly used, vAiereby its activity decreased by less than 4% 
after 5 ondation batches. 

.20 



Examples 11-13 
Epoxidation of Olefins 

25 Example 11 

Substrate: cyclohexene, 0.758 g 

Catalyst P-Mn(^-0)3MnL)2[SiWi204o]» 0-080 g 

Conversion: >75% 

Yield: >50% 7-oxabicyclo[4.U0]heptane (cyclohexeneoxide) 

30 

Example 12 

Substrate: styrene, 0.962 g 

Catalyst: ILMh(^-0)3MnL]2lSiWi20w^ 0.100 g 
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Conversion: 50% 

Yield: 30% phenyloxiraiie 

EiEampIe 13 
5 Substrate: 1-hexene, 0.776 g 

Catalyst: |TLMn(ix-0)3MnL]2[SiWu04oL 0,80 g 

Conversion: 55% 

Yield: 55% #i->btilyloxirane 

10 

Examples 14-15 
Oxidatioii of cydoaJkanes 

Example 14 

IS Substrate: cyclohexane, 0.776 g 

Catalyst: [LMn(^-0)3MnL]2[SiWi204oL 0.080 g 
Conversion: >6p% 

Yield: >36% cyclohexanol, 8% cycloliexanone. 

20 Example 15 

Siibstrate: 1^3,4-tetrahydron8phfliaIene» L220 g 
Catalyst: [L^toOi-0)3MnL]2[SiWi204o], 0.100 g 
Conversion: 60% 

Yield: 30% 1,2^,4-tetrahydro-l^phthol, 25% 3,4-dihydTO-l(2fl)-naphthalenone 
25 (ot-tctralone). 
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Claima 

1. Mangauese(iv) cojnplex salts of fqnntila 

• S [LMh(^-0)3Mii)]„paii204a]a G), 

\^erein L is 1 ,4 J-trimetibyl-1 ,4-7-tria2acyclonDnaae, X is P or Si, M is Mo or W, 
/I is 2 or 3, and m is 1 or 2, with the provisos that 
0)ifXisSi,tibeiin^«2andm=l and 
10 Cn}ifXisP,then/j = 3andw«2. 

2. A process for fte production of the inanganese(iv) complex salts of claim 1, vAdch 
process comprises reacting a solution of the hexa£luor<qphosidi^^ 

IS lIJ4n(^-0)3MnL)](PF6)2, 

wherein L is as defined in claini 1, with a heteropolyacid of fotitnula 

H0XM12O40 

^vrfierein X and M are as defined in claim 1 , o = 4 for X « Si and o » 3 f or X = P, ^ 
subsequently isolatmg the precipitated manganesc(rv) heteropolyacid complex salt. 
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of the Tnansm i ry( iv) complex salts of claim 1 as catalysts m the partial oxidation 
^^oKganic conq>ounds with peroxy compounds. 



^ ^ ^oces for tile piodoction of alddiydes and/or carboxyUc acids of fonn^ 
R^-CHO (II) and/or R*-<X)OH (HI), 

22 o £aear « tHftmiml Cv-fr-afisTl, atyl or aryl-C|.c«a&yI, 
an alOQhol of fiRxnola 
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R^-CH20H ([V), 

wherein is as defined above, with a peroxy compound in Ihe presence of a 
mangaQese([v) complex salt of claim 1. 

5 

5 , A process for the production of ketones of formula 

R^-C(=0)-R^ (V), 

10 wherein R^ and R^ are independently linear or branched C]-i(rallcyl, aryi or aryl-Ci-4- 
alkyl; or R^ and R^ together with the carhonyl group form a carbocyclic ring, 
cornicing reacting an alcohol of formula 



15 



R^-CHOH-R^ (VD. 

wherein R^ and R^ are as defined above, with a peroxy compound in the presence of a 
manganeseClv) complex salt of claim 1. 

6. A process for the production of l,4-cyclohexanediO0e, comprising reacting 1,4-cyclo- 
20 hexanediol with a peroxy compound in the presmce of a manganese(iv) complex salt 

of claim 1. 

7. Aprocessforthepioductionofosdranes of formula 

CVH), 



wherein R\ R^ , R^ and R^ are independently hydrogen, linear or branched C w o-alkyl, 
aryl or aryl-C»-a-alkyl; or R"* and R* together with the adjacent carbon atoms form a 
carbocyclic ring andR^ andR^ are as defined aixnre, ccmpdsing reactnig an olefin of 
30 formula 
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wherein R^ R^^ aodR^' are as defined above for formula (VCO* wiih aperoxy 
conqK3und in the presmce of a tnanganese(iv) complex sah of claim 1 . 

8. A process for the oxidation of aliphatic, alicyclic or araliphadc hydrocarbons to the 
corresponding hydroxy or keto compounds^ comprismg reacting said hydrocarbons - 
with a peroxy compotmd in the presence of a manganeseCrs^) complex salt of claim 1. 

10 9. The process of one of claims 4 to 8 wherein acetic acid is used as additive. 
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AbstriEict 



Disclosed are maii^e$e(iv) complex salts of fozmula 



5 



[]US4h(^-0)3MnL)]ii{XMi204o]i 



|m 



0). 



wllerein. L is l,4J-trimethyl-l,4-7-tria2acycloiionane, X is P or Si, M is Mo or W, 
n is 2 or 3, and mis 1 or 2, with the provisos that 
(i) ifXis Si,titien?2 = 2atid7W== 1 and 
10 (ii) if X is P, then n = 3 and m = 2. 

These compounds are active catalysts in the partial oxidation of various organic 
compounds with peroxy compounds^ e. g. the preparation of ketones ftom secondary 
alcohols or the epoxidation of olefins. 



15 



20 



25 



30 



Basel, 15 January 2002 
Dr. N. Riegler 
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